Chapter 3
FI ELD | NVESTI GATI ONS

3.1 Introduction

In contrast to conventional technologies, the analysis and
design of |land treatnment systens requires specific inform-
tion on the properties of the proposed site or sites. Too
little field data may | ead to erroneous conclusions while too

much will result in unnecessarily high costs with little
refinenment in the design concept. Experience indicates that
where uncertainty exists, it is prudent to adopt a

conservative posture relative to data gathering requirenents.

Figure 3-1 is a flow chart which presents a |ogical sequence
of field testing for a land treatnment project. At severa
points, available data are used for cal cul ati ons or deci sions
that may then necessitate additional field tests. These
additional tests are usually directed toward estimation of
new paraneters, required for extending the analysis.
However, in sonme cases, additional field tests may al so be
required sinply to refine prelimnary estinmates.

Gui dance on testing for wastewater constituents and soil
properties is provided for each land treatnent process in
Tabl e 3-1. Normal Iy, relatively nodest prograns of field
testing and data analysis will be satisfactory. 1In certain
i nstances, however, nore conplex investigations and anal yses
are required with higher levels of expertise in soil testing
and eval uation procedures. Firns specializing in these areas
are available for assistance if expertise does not exist
within the firm having general design responsibility.

3.2 Physical Properties
Prelimnary screening, as described in Chapter 2, of a

potential site (or sites) will ordinarily be based on exist-
ing field data available froma SCS county soil survey and

ot her sources. The next step involves sone physical
exploration on the site. This prelimnary exploration is of
critical inportance to subsequent phases of the project. |Its

two purposes are: (1) verification of existing data and (2)
identification of probable, or possible, site limtations;
and it should be perfornmed with reasonable care. For
exanple, the presence of wet areas, water-loving plant
species, or surficial salt crusts should alert the designer
to the need for detailed field studies directed toward the
probl em of drai nage. The presence of rock outcroppings
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would signify the need for nore detailed subsurface
i nvestigations than mght normally be required. |If a stream
were | ocated near the site, there would need to be additional
study of the surface and near-surface hydrol ogy; wells would
create a concern about details of the ground water flow, and

so on. These points may seem obvi ous. However, there are
exanpl es of systens that have failed because of just such
obvious conditions: limtations that were not recognized

until after design and construction were conpl ete.
TABLE 3-1
SUVWWARY OF FI ELD TESTS FOR
LAND TREATMENT PROCESSES
Processes
Rapid
Properties Slow rate (SR) infiltration (RI) Overland flow (OF)
Wastewater Nitrogen, phosphorus, BOD, SS, nitrogen, BOD, SS, nitrogen,
constituents SARAa, ECa, boron phosphorus phosphorus

Soil physical
properties

Soil hydraulic
properties

Soil chemical
properties

Depth of profile
Texture and structure
Infiltration rate

Subsurface
permeability

PH, CEC, exchangeable
cations (% of CEC),
EC2, metalsP, phos-
phorus adsorption
(optional)

Depth of profile
Texture and structure
Infiltration rate

Subsurface
permeability

pH, CEC, phosphorus
adsorption

Depth of profile
Texture and structure

Infiltration rate
(optional)

pH, CEC, exchangeable
cations (% of CEC)

a. May be more significant for arid and semiarid areas.

b. Background levels of metals such as cadmium, copper, or zinc in the soil should
be determined if food chain crops are planned.
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3.2.2 Profile Evaluation to G eater Depths

In some site evaluations, the 2.5 to 3.7 m(about 8 to 12 ft)
deep pits that can be excavated by a backhoe will not yield
sufficient information on the profile to allow all the
desired analyses to be nade. For exanple, it my be
necessary to |l ocate both the ground water table and the depth
to the closest inperneable |ayer. These depths together with
hori zontal conductivity values and certain other data are
required to nake nounding analyses, desi gn drai nage
facilities, and for contam nant mass bal ance cal cul ati ons.

Auger hol es or bore holes are frequently used to expl ore soi

deposits below the limts of pit excavation. Augers are
useful to relatively shall ow depths conpared to other boring
techniques. Depth |imtation for augering varies wth soi

type and conditions, as well as hole dianeter. I n
unconsol i dated material s above water tables, 12.7 cm (5 in.)
di ameter holes have been augered beyond 35 m (115 ft).
Cuttings that are continuously brought to the surface during
augering are not suitable for logging the soil materials.
Wt hdrawal of the auger flights for renoval of the cuttings
near the tip represents an inprovenent as a |ogging
technique. The best nethod is to withdraw the flights and
obtain a sanple with a Shel by tube or split-spoon sanpler

Boring nethods, which can be used to probe deeper than
augering, include churn drilling, jetting, and rotary
drilling. Wen using any of these nethods it is preferable
to clean out the hole and secure a sanple fromthe bottom of
the hole with a Shel by tube or split-spoon sanpler.

3.3 Hydraulic Properties

The planning and design work relative to land treatnent
systens cannot be acconplished w thout estinates of several
hydraulic properties of the site. The capacity of the soi
to accept and transmt water is crucial to the design of R
systens and may be limting in the design of sone SR systens
as well. In addition, tracking the novenent and inpacts of
the wastewater and its constituents after application wll
al ways be an inportant part of design.

For purposes of this manual, hydraulic properties of soil are

considered to be those properties whose neasurenent involves
the flow or retention of water within the soil profile.
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3.3.1 Saturated Hydraulic Conductivity

A material is considered perneable if it contains intercon-
nected pores, cracks, or other passageways through which
water or gas can flow. Hydraulic conductivity (synonynous
with the termperneability in this manual) is a neasure of
the ease with which liquids and gases pass through soil. The
termis nore easily understood if a few basic concepts of
water flowin soils are introduced first.

In general, water noves through soils or porous nedia in
accordance wth Darcy’ s equati on:

= 9 - rdH (3-1)
4= %7 fT
where q = flux of water, the flow, Q per unit
cross sectional area, A cm h
(in./h)
K = hydraulic onductivity
(perneability), cmh (in./h)
dH/ dl = hydraulic gradient, mim (ft/ft)

The total head (H) can be assuned to be the sum of the soil—
wat er pressure head (h), and the head due to gravity (2Z), or
H=h+ Z  The hydraulic gradient is the change in tota
head (dH) over the path length (dl).

The hydraulic conductivity is defined as the proportionality
constant, K The conductivity (K) is not a true constant but
a rapidly changing function of water content. Even under
conditions of constant water content, such as saturation, K
may vary over tinme due to increased swelling of clay
particles, change in pore size distribution due to
classification of particles, and change in the chem cal
nature of soil-water. However, for nost purposes, saturated
conductivity (K) can be considered constant for a given soil.

The K value for flow in the vertical direction will not
necessarily be equal to Kin the horizontal direction. This
condition is known as anisotropic. It is especially apparent

in layered soils and those with large structural units.

The conductivity of soils at saturation is an inportant
paraneter because it is used in Darcy*s equation to estinate
ground water flow patterns (see Section 3.6.2) and is useful
in estimating soil infiltration rates. Conductivity is
frequently estimated from ot her physical properties but much
experience is required and results are not sufficiently
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accurate for design purposes [1-5]. For exanple, hydraulic
conductivity is largely controlled by soil texture: coarser
mat eri al s having higher conductivities. However, in sone
cases the soil structure may be equally inportant: well
structured fine soils having higher conductivities than
coarser unstructured soils.

In addition, hydraulic conductivity for a specific soil may
be affected by variables other than those relating to grain
size, structure, and pore distribution. Tenperature, ionic
conposition of the water, and the presence of entrapped air
can alter conductivity values [1].

3.3.2 Infiltration Capacity

The infiltration rate of a soil is defined as the rate at
which water enters the soil fromthe surface. Wen the soi
profile is saturated with negligible ponding above the
surface, the infiltration rate is equal to the effective
saturated conductivity of the soil profile.

When the soil profile is relatively dry, the infiltration
rate is higher because water is entering |arge pores and

cracks. Wth tinme, these large pores fill and clay particles
swell reducing the infiltration rate rather rapidly until a
near steady-state value is approached. This change in
infiltration rate with time is showm in Figure 3-2 for
several different soils. The effect of both texture and
structure on infiltration rate is illustrated by the curves
in Figure 3-2. The Aiken clay |oam has good structura
stability and actually has a higher final infiltration rate
than the sandy |loamsoil. The Houston bl ack clay, however,

has very poor structure and infiltration drops to near zero.

For a given soil, initial infiltration rates nmay vary
consi derably, depending on the initial soil noisture |evel.
Dry soil has a higher initial rate than wet soil because
there is nore enpty pore space for water to enter. The short
termdecrease in infiltration rate is primarily due to the
change in soil structure and the filling of |arge pores as
clay particles absorb water and swell. Thus, adequate tine
nmust be all owed when running field tests to achieve a steady
i nt ake rate.

Infiltration rates are affected by the ionic conposition of
the soil-water, the type of vegetation, and tillage of the
soil surface. Factors that have a tendency to reduce
infiltration rates include clogging by suspended solids in
wast ewater, classification of fine soil particles, clogging
due to biol ogical growhs, gases produced by soil mcrobes,
swelling of soil colloids, and air entrapped during a wetting
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event [6, 7]. These influences are all likely to be
experienced when a site is developed into a |and treatnent
system The net result is to restrict the hydraulic | oadings
of land treatnment systens to val ues substantially |less than
those predicted from the steady state intake rates (see

Figure 3-2), requiring reliance on field-devel oped
correlations between clean water infiltration rates and
satisfactory operating rates for full-scale systens. | t

shoul d be recogni zed that good soil managenent practices can
mai ntain or even increase operating rates, whereas poor
practices can |l ead to substantial decreases.
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FIGURE 3-2
INFILTRATION RATE AS A FUNCTION
OF TIME FOR SEVERAL SOILS (3]

Al t hough the nmeasured infiltration rate on the particular
site may decrease in tinme due to surface cl oggi ng phenonena,
the subsurface vertical perneability at saturation wll
generally remain constant. That is, clogging in depth does
not generally occur. Thus, the short-term neasurenent of
infiltration serves reasonably well as an estimate of the
long-termsaturated vertical perneability if infiltration is
measured over a large area. Once the infiltration surface
begins to clog, however, the fl ow beneath the cl ogged | ayers
tends to be unsaturated and at unit hydraulic gradient.



The short-termchange in infiltration rate as a function of
tinme is of interest in the design and operation of SR
systens. A know edge of how cumul ative water intake varies
wWth time is necessary to determne the tine of application
necessary to infiltrate the design hydraulic [ oad. The
design application rate of sprinkler systens should be
sel ected on the basis of the infiltration rate expected at
the end of the application period.

3.3.3 Specific Yield

The termspecific yield is nost often used in connection with
unconfined aquifers and has also been called the storage
coefficient and drainable voids. It is usually understood to
be the volune of water released from a unit volunme of
unsaturated aquifer material drained by a falling water
table. Although the termfillable porosity has occasionally
been used as a synonym for the above three terns, it is
actually a somewhat snaller quantity because of the effect of
entrapped air. The primary use of specific yield values is
in conputing aquifer properties, for exanple, to perform
ground wat er nound hei ght analyses. For relatively coarse-
grained soils and deep water tables, it is wusually
satisfactory to consider the specific yield a constant val ue.
As conputations are not extrenmely sensitive to small changes
in the value of specific yield, it is usually satisfactory to
estimate it from know edge of other soil properties, either
physical as in Figure 3-3 [8], or hydraulic as in Figure 3-4
[9]. To clarify Figure 3-3, specific retention is equal to
the porosity mnus the specific yield.

A note of caution, however. For fine-textured soils, espe-
cially as the water table noves higher in the profile, the
specific yield may not have a constant value because of
capillarity. D scussion of this conplication may be found in
references [10, 111. The effect of decreasing specific yield
with increasing water table height can lead to serious
difficulties wth nmound hei ght analysis (Section 5.7.2).

3.3.4 Unsat ur at ed Hydraulic Conductivity

The conductivity of soil varies dramatically as water content
is reduced bel ow saturation. As an air phase is now present,
the flow channel is changed radically and now consists of an
irregular solid boundary and the air-water interface. The
flow path beconmes nore and nore tortuous with decreasing
wat er cont ent as t he | ar ger por es enpty and
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fl ow beconmes confined to the smaller pores. Conpounding the
ef fect of decreasing cross-sectional area for flow is the
effect of added friction as the flow takes place cl oser and
closer to solid particle surfaces. The conductivity of sandy
soi |l s, although nmuch higher at saturation than | oany soils,
decreases nore rapidly as the soil becones |ess saturated.
I n nost cases, the conductivities of sandy soils eventually
become | ower than finer soils. This relationship explains
why a wetting front noves nore slowy in sandy soils than
medi um or fine soils after irrigation has stopped and why
there is little horizontal spreading of noisture in sandy
soils after irrigation.

Esti mati ng water novenent under unsaturated conditions using
Darcy*s equation and unsaturated K values is conplex. A
di scussion of such calculations is outside the scope of this
manual . The user is referred to references [1, 10, 12, 13]
for further details and solution of special cases.

3.3.5 Profil e Drai nage

For SR systens that are operated at application rates
considerably in excess of crop irrigation requirenents, it is
often desirable to know how rapidly the soil profile wll
drain and/or dry after application has stopped. This know
| edge, together with know edge of the limting infiltration
rate of the soil and the ground water novenent and buil dup,
allows the designer to make a reasonable estimate of the
maxi mum vol une of water that can be applied to a site and
still produce adequate crops. A typical noisture profile and
its change with tine followng an irrigation is illustrated
in Figure 3-5 for an initially saturated profile. Misture
profile changes may be determned in the field wth
tensioneters [4].

3.4 Infiltration Rate Measurenents

The value that is required in land treatnment design is the
| ong-term acceptance rate of the entire soil surface on the
proposed site for the actual wastewater effluent to be
applied. The value that can be neasured is only a shortterm
equi l i brium acceptance rate for a nunber of particul ar areas
within the overall site

There are many potential techniques for nmeasuring infiltra-
tion including flooding basin, cylinder infiltroneters,
sprinkler infiltronmeters and air-entry perneaneters. A
conparison of these four techniques is presented in Table 3-
2. In general, the test area and the volune of water used
should be as large as practical. The two main categories of
measur enent techni ques are those involving flooding (ponding
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over the soil surface) and rainfall simulators (sprinkling
infiltronmeter). The flooding type of infiltrometer supplies
water to the soil wthout inpact, whereas the sprinkler
infiltrometer provides an inpact simlar to that of natural
rain. Flooding infiltroneters are easier to operate than
sprinkling infiltrometers, but they al nost al ways gi ve higher
equilibrium infiltration rates. In sonme cases, the
difference is very significant, as shown in Table 3-3.
Neverthel ess, the flooding neasurenent techniques are
general ly preferred because of their sinplicity.
Rel ati onshi ps between infiltration rates as obtained by
various flooding techniques and the loading rates of R
systenms are discussed in Section 5.4.1. The air entry
pernmeaneter is described in Section 3.5. 2.

0 —p-WATER CONTENT SATURATION

N

)

FIGURE 3-5

TYPICAL PATTERN OF THE
CHANGING MOISTURE PROFILE DURING DRYING AND DRAINAGE

SOIL DEPTH H— ©=

If a sprinkler or flood application is planned, the test

should be conducted in surficial materials. If R is
pl anned, pits nust be excavated to expose | ower horizons that
wll constitute the bottonms of the basins. If a nore

restrictive layer is present below the intended plane of
infiltration and this layer is close enough to the intended
plane to interfere, the test should be conducted at this
| ayer to ensure a conservative estimate.
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TABLE 3-2
COMPARI SON OF | NFI LTRATI ON
MEASUREMENT TECHNI QUES

Water Time

Measurement use per per test, Equipment

technique test, L h needed Comments

Flooding 2,000-10,000 4-12 Backhoe Tensiometers

basin or blade may be used

Cylinder 400-700 1-6 Cylinder Should use large diameter

infiltrometer or earthen cylinders (1 m diameter)
berm

Sprinkler 1,000-1,200 1.5-3 Pump, pres- For sprinkler applications,

infiltrometer sure tank, soil should be at field
sprinkler, capacity before test
cans

Air entry 10 0.5-1 AEP Measures vertical hydraulic

permeameter apparatus, conductivity. If used to

(AEP) standpipe measure rates of several

with resevoir different soil layers, rate
is harmonic mean of conducti-
vities from all soil layers.

Note: See Appendix G for metric conversions.

TABLE 3-3
SAMPLE COMPARI SON OF | NFI LTRATI ON MEASUREMENT
USI NG FLOODI NG AND SPRI NKLI NG TECHNI QUES [ 14]

Equilibrium infiltration
rate, cm/h

Measurement Overgrazed Pasture, grazed but
technique pasture having good cover

Double-cylinder
infiltrometer (flooding) 2.82 5.97

Type F rainfall
simulator (sprinkling) 2.90 2.87

Infiltration test results are typically plotted as shown in
Figures 3-2 and B-3. The derivation of design values from
these test results is presented in Appendi x B.

Before di scussing the infiltration neasurenent techniques, it
shoul d be pointed out that the U S. public Health Service
(USPHS) percol ation test used for establishing the size of
septic tank drain fields [15] is definitely not recomended
as a nethod for estimating infiltration.
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3.4.1 Fl oodi ng Basi n Techni ques

Pilot-scale infiltration basins represent an excellent tech-

nique for determning vertical infiltration rates. The
| arger the test area is, the less the relative error due to
| ateral noisture novenent wll be and the better the

estimate. \Were such basins have bean used, the plots have
generally ranged from about 0.9 nf (10 ft ) to 0.1 ha (0.25
acre). In sonme cases, pilot basins of large scale (2 to 3.2
ha or 5 to 8 acres) have been used to determne infiltration
rates and denonstrate feasibility wth the thought of
i ncorporating the test basins into a subsequent full-scale
system[16]. Figure 3-6 is a photograph of a pilot basin.

F1GURE 3-6
FLOODING BASIN USED FOR MEASURING INFILTRATION

The Corps of Engineers has used flooding basin tests to
determne infiltration rates on three existing |and treatnent
sites [17]. Basins of 6.1 m (20 ft) and 3 m (10 ft) dianeter
were used and it was concluded that the 3 m (10 ft) dianeter
basin was | arge enough to provide reliable infiltration data.
About 4 man-hours were required for conpleting an
installation and less than 1,000 L (265 gal) of water would
probably be adequate to conplete a test. As this testing
procedure wll undoubtedly becone nore wdely adopted,
Figures 3-7 and 3-8 are included to show the details of
installation [18].
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An inportant assunption in any flooding type infiltration
test is a saturated (or nearly so) condition in the upper
soil profile. Thus, an essential part of this nmethod is the
installation of a nunber of tensionmeters within the test area
at various depths to verify saturation by their approach to
a zero value of the matric potential, before obtaining any
head drop (water |evel) neasurenents. In the Corps of
Engi neers studies, six tensioneters were installed in a 1 m
(3.3 ft) dianmeter circle concentric with the center of the 3
m (10 ft) dianmeter test basin as shown in Figure 3-8. Table
3-4 gives their suggested depths of placenent in a soil of
wel | - devel oped horizons; however, any reasonable spacing
above strata of |ower conductivity, if such exist, should be
adequate. In soils |acking welldevel oped horizons, a uniform
spaci ng down to about 60 cm (24 in.) should suffice. A
seventh tensioneter installed at a depth of about 150 cm (60
in.) is also suggested, but is not critical.

TABLE 3-4
SUGGESTED VERTI CAL PLACEMENT OF
TENSI OVETERS | N BASI N | NFI LTROMETER TESTS [ 18]

Soil

No. horizon Placement
1 A Midpoint of A
2 B 1/5 distance between A/B and B/C interfaces
3 B 2/5 distance between A/B and B/C interfaces
4 B 3/5 distance between A/B and B/C interfaces
5 B 4/5 distance between A/B and B/C interfaces
6 c 15 em below B/C interface

Following installation and calibration of the tensioneters,
a few prelimnary flooding events are executed to achieve
saturation. Evi dence of saturation is the reduction of
tensioneter readings to near zero through the upper soi
profile. Then a final flooding event is nonitored to derive
a cunul ative intake versus tinme curve. A best fit to the
data plotted on |og-log paper allows calculation of the
infiltration paraneters, as shown in Figure 3-9. Subsequent
observation of tensioneters can then provide data on profile
dr ai nage.
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3.4.2 Cylinder Infiltrometers

The equi pnent and basic nethodol ogy for this popul ar nea-
surenment technique are described in references [9, 19, 20].
The equi pnment setup for a test is shown in Figure 3-10.

To run a test, a netal cylinder is carefully driven or pushed
into the soil to a depth of about 10 to 15 cm (4 to 6 in.).
Measurenment cylinders of from 15 to 35 cm (6 to 14 in.)
di aneter have generally been used in practice, with | engths
of about 25 to 30.5 cm (10 to 12 in.). D vergent fl ow,
partially obstructed by the portion of the cylinder beneath
the soil surface, is further mnimzed by neans of a “buffer
zone” surrounding the central ring. The buffer zone is
comonly provided by another cylinder 40 to 70 cm (16 to 30
in.) dianmeter, driven to a depth of 5to 10 cm (2 to 4 in.)
and kept partially full of water during the time of
infiltration. This particular node of nmaking neasurenents
has cone to be known as the doubl e-cylinder or double-ring
infiltrometer nmethod. Care nmust be taken to maintain the
water levels in the inner and outer cylinders at the sane
| evel during the neasurenents. Alternately, buffer zones are
provi ded by di king the area around the intake cylinder with
low (7.5 to 10 cmor 3 to 4 in.) earthen dikes.

If the cylinder is installed properly and the test carefully
perfornmed, the technique should produce data that at |east
approxi mate the vertical conponent of flow In nost soils,
as the wetting front advances downward through the profile,
the infiltration rate will decrease with time and approach a
steady—state value asynptotically. This may require as
little as 20 to 30 mnutes in sone soils and nany hours in
others. Certainly, one could not termnate a test until the
steady—state condition was attained or the results woul d be
totally neaningless (see Figure 3-2).

Anyone contenplating the use of this neasurenent technique
because of its apparent sinplicity should also be aware of
its limtations. D scussions dealing specifically with the
probl em of separating the desired vertical conmponent fromthe
total noisture flux, which may include a large |ateral
conponent, can be found in references [21, 22].

A nore promsing direction is suggested in reference [19] in
whi ch the main conclusion is applicable: to mnimze errors
in the use of the cylinder infiltronmeter technique; use only
| ar ge- di anet er cylinders and car ef ul installation
t echni ques. The specific recommendation as to cylinder
dianeter is a mnimumof 1 m (3.3 ft).
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Installation should disturb the soil as little as possible.
This generally requires thin-walled cylinders with a bevel ed
edge and very careful driving techni ques. In soft soils,
cylinders may be pushed or jacked in. In harder soils, they
must be driven in. The cylinders nust be kept straight
during this process, especially avoiding a “rocking” or
tilting notion to advance them downward. I n cohesionl ess
coarse sands and gravels, a poor bond between the soil and
the netal cylinder often results, allow ng seepage around the
edge of the cylinder. Such conditions may call for speci al
met hods to be devised. One such nethod is to construct the
test area by formng | ow di kes and covering the inside walls
with plastic sheet to prevent |ateral seepage [19]. Thi s
begins to approach the basin flooding nethod described in
Section 3.4.1.

Measurenments of infiltration capacity of soils often show
wide variations within a relatively small area. Hundredfold
di fferences are common on sone sites. Assessing hydraulic
capacity for a project site is especially difficult because
test plots may have adequate capacity when tested as isol ated
portions, but may prove to have inadequate capacity after
water is applied to the total area for prolonged periods.
Probl em areas can be anticipated nore readily by field study
followi ng spring thaws or extended periods of heavy rainfall

and recharge [23]. Runof f, ponding, and near saturation
conditions may be observed for brief periods at sites where
drainage problens are likely to occur after extensive

appl i cation begins.

Al though far too few extensive tests have been nmade to gat her
meani ngful statistical data on the cylinder infiltroneter
techni que, one very conprehensive study is available from
whi ch tentative concl usi ons can be drawn.

Test results fromthree plots (357 individual tests) |ocated
on the sanme honobgeneous field were conpared. In addition

test results from single-cylinder infiltrometers with no
buffer zone were conpared with those from doubl e-cylinder
infiltrometers. The inside cylinders had a 15 cm (6 in.)
di aneter; the outside cylinders, where used, had a 30 cm (12

in.) diameter. For this particular soil, the presence of a
buffer zone did not have a significant effect on the neasured
rates. These data, although very carefully taken

overestimate the field average by about 40% i ndicating that
smal | diameter cylinders will consistently overestimate the
true vertical infiltration rate [14].
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3.4.3 Sprinkler Infiltrometers

Sprinkler infiltrometers are used primarily to determ ne the
[imting application rate for systens using sprinklers. To
measure the soil intake rate for sprinkler application, the
met hod presented in reference [24] can be used. The equip-
ment needed includes a trailer-nmounted water recirculating
unit, a sprinkler head operating inside a circular shield
with a small side opening, and approximately 50 rain gages.

A schematic diagramof a typical sprinkler infiltrometer is
presented in Figure 3-11. A 1,814 kg (2 ton) capacity
trailer houses a 1,135 L (300 gal) water supply tank and 2
self-primng centrifugal punps. The sprinkler punp should
have sufficient capacity to deliver at least 6.3 L/s (100
gal/m) at 34.5 Ncnf (50 Ib/in.?) to the sprinkler nozzle,
and the return flow punp should be capable of recycling al
excess water from the shield to the supply tank. The
circular sprinkler shield is designed to permt a revol ving
head sprinkler to operate nornmally inside the shield. The
opening in the side of the shield restricts the wetted area
to about one-eighth of a circle. Prior to testing, the soil
in the wetted area is brought up to field capacity. Rai n
gages are then set out in rows of three spaced at 1.5 m (5
ft) intervals outward fromthe sprinkler in the center of the
area to be wetted. The sprinkler is operated for about 1
hour . The intake of water in the soil at various places
between gages is observed to determne whether the
application rate is less than, greater than, or equal to the
infiltration rate.

The area selected for neasurenent of the application rate is
where the applied water just disappears fromthe soil surface
as the sprinkler jet returns to the spot. At the end of the
test (after 1 hour), the anmount of water caught in the gages
is nmeasured and the intake rate is calculated. The
calculated rate of infiltration is equal to the limting
application rate that the soil system can accept wthout
runof f .

D sadvantages of the technique are the tinme and expense
involved in determning intake rates using a sprinkler
infiltrometer. There is, in fact, little reason to try to
measure maxi mum i ntake rates on soils that are going to be
| oaded far below these maxi num rates, as is the case for
nmost SR system designs. However, where econonics dictate
the wuse of application rates far in excess of the
consunptive use (CU) of the proposed crop on soils of known
or suspected hydraulic limtation, a test such as descri bed
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above shoul d be given careful consideration. Local SCS field
personnel or irrigation specialists should be consulted for
opi nions on the advisability of making such tests.

3.5 Measurenent of Vertical Hydraulic Conductivity

The rate at which water percolates through the soil profile
during application depends on the “average” saturated
conductivity (K) of the profile. If the soil is uniform K
is assunmed to be constant with depth. Any differences in
nmeasured val ues of K are then due to normal variations in the
measur enment techni que. Thus, average K may be conputed as
the arithmetic mean of n sanples

ees + -2
K - K] + Ky + Ky + K (3-2)
am
n
where K, = arithnmetic nean vertical conductivity

Many soil profiles. approxinmate a | ayered series of uniform
soils with distinctly different K values, generally de-
creasing with depth. For such cases, it can be shown that
average Kis represented by the harnonic nmean of the K val ues
fromeach | ayer [25]:

Khm = D (3-3)

wher e D= soil profile depth

d, = depth of nth |ayer

Kim = harnoni ¢ nean conductivity
If a bias or preference for a certain K value is not
i ndicated by statistical analysis of field test results, a
random di stribution of K for a certain layer or soil region
must be assunmed. In such cases, it has been shown that the

geonetric nean provides the best estimate of the true K [25,
26, 27]:

Kgm = (Kl * Kz * K3 N Kn)l/n (3_4)

where Ky, = geonetric nean conductivity
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The rel ati onshi ps between vertical hydraulic conductivity and
the loading rates for Rl systens are discussed in Section
5.4.1.

There are many in situ nmethods avail able to neasure vertical
saturated conductivity. For convenience, these may be
divided into nmethods in the presence of and in the absence of
a water table. In addition, there are several |aboratory
t echni ques which are used to estimate saturated conductivity
in soil sanples taken from pits or bore holes. Ei t her
constant-head or falling-head perneaneters can be used for
t hese estimates. Detailed test procedures may be found in
any good soil nechanics text. The main criticisns of the use
of | aboratory techniques are the disturbance of the sanple
during collection by pushing or driving a sanpler into it and
the small size of sanple tested. These criticisns are
entirely valid. Nonetheless, when estimtes of conductivity
are needed fromdeep lying strata that physically cannot be
examned in situ, then sanpling and | aboratory neasurenent
may be the only feasible technique.

The only inportant test used below a water table is the pipe
cavity, or piezoneter tube method [28], described in
practical terns in reference [29]. This test is especially
hel pful when the soils below the water table are |ayered

with substantially different vertical conductivities in each
strata. |In such cases, a separate test should be run in each
of the layers of interest in order to apply Equation 3-3.
The nost inportant application occurs when there is evidence
of vertical gradients that could transport percol ate downward
to lower lying aquifers.

Met hods avail abl e to neasure vertical saturated conductivity
in a soil region above, or in the absence of a water table,
include the ring perneaneter [9, 30], the gradient-intake
[1, 31], the double-tube [1, 30] and the air-entry
pernmeaneter [1, 32, 33]. Wth the devel opnent of the newer
techni ques, the ring perneaneter nethod, which requires an
el aborate setup and uses a lot of water per test, is no
| onger in w despread use. The gradient-intake technique is
primarily used as a site screening nethod, for ranking the
relative conductivities of different soils. Conductivity
val ues obtai ned by this nmethod are considered conservative as
they often prove to be |lower than those produced by other
met hods.

In practice, the double-tube and air-entry perneaneters have
found favor and are used nore frequently than the other
t echni ques. Therefore, only these two nethods wll be
di scussed. Enough information will be given here to enable
the user to wunderstand the basic neasurenent concepts.
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Procedural details are covered nore conpletely in the refer-
ences suppli ed.

3.5.1 Doubl e- Tube Met hod

The test is run in a hole augered to the depth of the soi

| ayer whose vertical conductivity is desired. Certainly that
of the nobst restrictive layer is needed as a mninm
Additional layers in the profile should be investigated to
ensure proper characterization. The value of K which is
conputed from double-tube includes a snall horizontal
conponent but primarily reflects vertical flow. The appara-
tus (comrercially available*) is shown in Figure 3-12. To
performa test, it is first necessary to create a saturated
zone of soil beneath the enbedded tubes. This is
acconpl i shed by appl yi ng water through both tubes for several
hours. Then two sets of neasurenents are required:

1. Water |level versus tinme readings for the inner tube
with the supply to this tube stopped while naintaining
the supply to the outer tube.

2. Water level versus tinme readings for the inner tube
with the supply to this tube and to the outer tube
st opped. The level in this outer tube is held
(closely) the sane as that in the inner tube during
this second set of readings by mani pulating a valve (C
in Figure 3-12).

The curves of water |evel decreases versus tine are then
plotted to the sane scale and Kis calculated. Details of
the cal cul ation and curves needed to obtain a di nensionless
factor for the calculation are to be found in references [1,
30] and are supplied by the manufacturer of the equi pnent.

3.5.2 Air-Entry Perneaneter

The air-entry perneaneter was devised to investigate the
significance of flows in the capillary zone [32]. Using the
device as shown in Figure 3-13, the soil-water pressure at
which air entered the saturated voi ds was approxi mat ed.

*Soiltest, Inc., Evanston, Illinois 60202. Mention of prop-
rietary equi pnent does not constitute endorsenent by the U S
Gover nnent .
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Assum ng a relationship between this value and the pressure
just above the advancing front of a wetted zone, the
conductivity of a mass of soil absorbing water to the point
of saturation can be calculated. Because of the availability
of research data to indicate that this conductivity value is
closely equal to one-half the saturated  hydraulic
conductivity, a new nethod of determi ning vertical hydraulic
conductivity at saturation becane avail abl e.

Al though the method may appear to have the limtation of
requi ring several assunptions, it conpares favorably wth
ot her accepted nethods and has sonme distinct advantages. The
equi pnent is relatively sinple; the test does not take much
time; and, perhaps nost inportant, not nuch water is
required. A fewliters of water will generally suffice for
a single test.

In operation, water is added through the supply valve with
the air valve open until the enbedded cylinder becones ful
(the function of the disk is to act as a splash plate). On
filling the cylinder, the air valve is closed and water is
allowed to infiltrate downward, the reservoir being kept
full.

Wen the wet front, L;, has reached the desired depth,
dependent on soil texture and structure (see subsequent
remarks), no nore water is added to the reservoir. The drop
in water level with tinme is nmeasured in order to calculate an
intake rate. Now the supply valve is closed and the pressure
on the vacuum gage is noted periodically. At sonme point it
w |l reach a maxi mum (m ni mum pressure) and then begin to
decrease again. This mninum pressure corresponds closely to
the air-entry pressure, P, of the wetted zone when corrected
for gage height, G and depth of wetted zone, L;.

When the air-entry perneaneter is enployed at the soil
surface, it is essentially an infiltronmeter and as such
could readily be listed with the nethod of Section 3.4.2.
Several investigators [32, 33] have used the nethod to
develop vertical conductivity profiles. It has been
suggested that digging a trench with an inclined bottom
then noving the air-entry pernmeaneter to selected points
al ong the trench bottomis a good nmethod of acconplishing
t his.

A criticismof the original technique [32] was based on the
suggest ed net hods of defining the depth of the wetted zone
beneath the cylinder. These called for digging around the
bottom of the cylinder after conpletion of the neasurenents
to locate the wet front or using a netal rod to probe the
soil, attenpting to detect the depth at which penetration
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resi stance increases. However, the air-entry perneaneter was
nodi fied by adding a fine tensioneter probe through the lid
of the device. By setting the probe to correspond to the
desired depth of wetted zone, L; (about 15 cmor 6 in. in
sand and 5 cmor 2 in. in massive clay), it was possible to
detect the arrival of the wetted front during, rather than
after operation of the pernmeanmeter. This nodification also
allows the nethod to be used in sonmewhat wetter soils than
t hose previously required.

Referring to Figure 3-13, the vertical hydraulic conductivity
of the "rewet” zone, i.e., the zone being saturated, is
cal cul ated from Equati on 3-5.

« 2 2 Lt (3-5)
A (Hr + Lf + Hl)
where: Q = volunetric intake rate through area, A, of the
per meamnet er
H, = the matric potential of the soil just bel ow
the wetting zone, assuned to be 0.5 P,. It is
| ess than atnospheric pressure and therefore a
negative quantity in Equation 3-5
P, = air-entry value, calculated as P,;, + L + G
al so a negative pressure
Prin = m ni mum pressure (maxi num vacuum read from
t he vacuum gage after stopping the water
suppl y
G = hei ght of the vacuum gage above the soil
surface
L; = depth of the wetted zone
H = height of the water level in the reservoir

above the soil surface

Then, as stated previously, the vertical hydraulic conduc-
tivity at saturation is assuned to be two tinmes the val ue of
K as cal cul ated from Equati on 3-5.

3.6 G ound Water

In nost land treatnent systens, and especially for the
hi gher rate systens, interaction with the ground water is
i npor t ant and nust be considered carefully in the
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prelimnary analysis phase. Problens w th nounding,
drai nage, offsite travel and ultinmate fate of contam nants
in the percolate will have to be addressed during both the
anal ysi s and design phases. Early recognition of potenti al
problenms and analysis of mtigating neasures are necessary
for successful operation of the system This cannot be
acconpl i shed wi thout conpetent field investigation. Sonme key
gquestions to be answered are:

1. How deep beneath the surface is the (undisturbed)
wat er tabl e?

2. How does the natural water table depth fluctuate
seasonal | y?

3. How will the ground water table respond to the
proposed wast ewat er | oadi ngs?

4. In what direction and how fast will the m xture of
percol ate and ground water nove from beneath the area
of application? |Is there any possibility of transport
of contam nants to deeper potable aquifers?

5. What will be the quality of this mxture as it flows
away fromthe site boundaries?

6. If any of the conditions nmeasured or predicted above
are found to be unacceptabl e, what steps can be taken
to correct the situation?

3.6.1 Depth/Hydrostatic Head

A ground water table is defined as the contact zone between
the free ground water and the capillary zone. It is the
|l evel assuned by the water in a hole extended a short
di stance below the capillary zone. Gound water conditions
are regul ar when there is only one ground water surface and
when the hydrostatic pressure increases linearly with depth.
Under this condition, the piezonetric pressure level is the
sanme as the free ground water |evel regardl ess of the depth
below the ground water table at which it is nmeasured.
Referring to Figure 3-14, the water |level in the “piezoneter”

would stand at the same level as the “well” in this
condi tion.
In contrast to a well, a piezoneter is a small dianmeter open

pi pe driven into the soil such that (theoretically) there can
be no | eakage around the pipe. As the piezoneter is not
slotted or perforated, it can respond only to the hydrostatic
head at the point where its | ower open end is |ocated. The
basic difference between water |evel neasurenent with a well
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and hydrostatic head neasurenment with a piezoneter is shown
in Figure 3-14.

VL PIEZOMETER
GROUND SURFACE
IRy LT R:C GROUND WATER TABLE -7
- A O B
SN Nl -
— A -~ o2 |
o [N
TT = ‘W\ .
.E}A

FIGURE 3-14
WELL AND PIEZOMETER INSTALLATIONS

Cccasionally there may be one or nore isolated bodies of
wat er “perched” above the main water table because of |enses
of inpervious strata that inhibit or even prevent seepage
past them to the main body of ground water bel ow O her
“irregular” conditions are described by Figure 3-15.

Reliable determnation of either ground water |evels or
pressures requires that the hydrostatic pressures in the bore
hol e and the surrounding soil be equalized. Attainnent of
stable levels may require considerable tinme in inperneable
materials. This is called hydrostatic time-lag and nay be
fromhours to days in materials of practical interest (K >
10" cm's).

Two or nore piezoneters |ocated together, but term nating at
different depths, can indicate the presence, direction and
magni tude (gradient) of conponents of vertical flowif such
exi sts. Their use is indicated whenever there is concern
about novenent of contam nants downward to |ower |ying
aqui fers. Figure 3-15, taken from reference [34], shows
several observable patterns with explanations. Descriptions
of the proper nethods of installation of both observation
wel | s and piezoneters may be found in references [9, 34].
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3.6.2 FI ow
Exact mathematical description of flows in the saturated
zones beneath and adjacent to (usually downgradient) I|and
treatment systens is a practical inpossibility. However, for

the majority of cases the possession of sufficient field data
will allow an application of Darcy*s equation (Equation 3-1).
Answers can thus be obtained which are satisfactory for
maki ng design decisions. |In particular, there are questions
which recur for each proposed project, and which may be
approached in the manner suggest ed.

1. What volune of native ground water flows beneath the
proposed site for dilution of percolate? This is a
direct application of Equation 3-1. The width of the
site nmeasured normal to the ground water flow |ines
times the aquifer thickness equal s the cross-sectional
area used to conpute the total flow

2. Wat is the nmean travel tine between points of entry
of percolate into the ground water and potential
poi nts of discharge or w thdrawal ? Again, Equation 3-1
is used to conpute the flux, q. Dividing the flux by
the aquifer porosity (Figure 3-3) gives an average
ground water velocity. Travel tine is conputed as the
di stance between the two points of interest (they nust
both Iie on the sane flow line) divided by the average
vel ocity.
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3. What changes in hydraul i c gr adi ent ( mound
configuration) will be required to convey the proposed
quantity of percolate away from beneath the area of
application? Methods of answering this question are
presented in Section 5.7.2.

The field data and hydrogeol ogi c estimates required to answer
t hese questions i ncl ude:

1. Ceonetry of the flow system including but not limted
to

a. Depth to ground water
b. Depth to inperneabl e barrier; generally taken to

be any | ayer which has a hydraulic conductivity
| ess than 10% of that of the overlying deposits

[ 35] .
C. Ceonetry of the recharge (application) area.
2. Hydraulic gradient —conputed from water levels in

several observation wells (assumng only horizontal
flow), know ng distances between wells.

3. Specific yield (see Section 3.3.3). |In sonme areas of
the United States, the SCS has investigated the soi
profiles sufficiently to provide an estimate of
specific yield for a particular site [5].

4. Hydraulic conductivity in the horizontal direction
Fi el d neasurenent of this paranmeter by the auger-hole
method is covered in the foll ow ng section.

3.6.2.1 Horizontal Hydraulic Conductivity

Hori zontal conductivity cannot be assunmed from a know edge of
vertical conductivity (Section 3.5). In field soils,
isotropic conditions are rarely encountered, although they
are frequently assumed for the sake of convenience.
“Apparent” ani sotropic conductivity often occurs in
unconsol i dat ed nedi a because of interbedding of fine-grained
and coarse-grained materials wthin the profile. Such
i nterbedding restricts vertical flow much nore than it does
| ateral flow [25]. Al though the interbedding represents
nonhonogeneity, rather than anisotropy, its effects on the
conductivity of a large sanple of aquifer nmaterial may be
approximated by treating the “aquifer” as honpbgeneous but
ani sotropic. A considerable ambunt of data is available on
the cal cul ated or neasured rel ationshi ps between vertical and
hori zontal perneability for specific sites. The possible
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spread of ratios is indicated in Table 3-5, which is based on
field neasurenments in glacial outwash deposits (Sites 1-5)
[36] and in a river bed (Site 6) [37]. Both authors claim
with justification, that the reported values would not |ikely
be observed in any | aboratory tests with small quantities of
di sturbed aquifer material.

TABLE 3-5
MEASURED RATI OS OF HORI ZONTAL TO
VERTI CAL CONDUCTI VI TY [36, 37]

Effective
horizontal
permeability,
Site Ky, m/d Kp/Ky Remarks
1 42 2.0 Silty
2 75 2.0 -
3 56 4.4 --
4 100 7.0 Gravelly
5 72 20.0 Near terminal moraine
6 72 10.0 Irregular succession of
sand and gravel layers
(from K measurements in
field)
6 86 16.0 (From analysis of

recharge flow system)

It is apparent that if accurate information regarding hori -
zontal conductivity is required for an analysis, field
measurenents will be necessary. O the nmany field nmeasure-
ment techni ques avail able, the nost useful is the auger hole
technique [38]. Details of the test technique may al so be
found in [1, 9, 30, 34]. Although auger hole neasurenents
are certainly influenced by the vertical conponent of flow,
studies have denonstrated that the technique primarily
nmeasures the horizontal conponent [39]. A definition sketch
of the neasurenent systemis shown in Figure 3-16 and the
experinmental setup is shown in Figure 3-17. The technique is
based on the fact that if the hole extends bel ow the water
table and water is quickly renoved fromthe hole (by bailing
or punping), the hole will refill at a rate determned by the
conductivity of the soil, the dinensions of the hole, and the
hei ght of water in the hole. Wth the aid of either fornulas
or graphs, the conductivity is calculated fromneasured rates
of rise in the hole. The total inflowinto the hole should
be sufficiently small during the period of neasurenent to
permt calculation of the conductivity based on an “average”
hydraulic head. This is usually the case.
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In the fornmul as and graphs that have been derived, the soi
is assuned to be honpbgeneous and isotropic. However, a
nodi fication of the basic technique [39] allows determnation
of the horizontal and vertical conponents (K, and K, in
ani sotropi c soils by conbining auger hole neasurenents with
pi ezonet er neasurenents at the sane depth. |[|f the auger hole
termnates at (or in) an inperneable |ayer, the follow ng
equation applies (refer to Figure 3-16 for synbol s):

log g (yp/yy)

K, = 523,000a° it (3-6)
wher e a = auger hole radius, m
it = time for water torise vy, s
K = horizontal conductivity, md
Yo, Y1 = depths defined in Figure 3-16, any units,

usual ly cm

If an inpernmeable layer is encountered at a great depth bel ow
the bottom of the auger hole, the equation becones:

. -(L1:045,000 da? \_ <l°910(Yo/Y1) (3-7)
h ~ (2d + a) ; At
where d = depth of auger hole, m

Charts for both cases are available in references [29, 34].
An alternative fornula, claimed to be slightly nore accurate,
has been devel oped [40]. This equation enploys a table of
coefficients to account for depth of inpernmeable or of very
permeabl e material bel ow the bottom of the hole.

There are several other techniques for evaluating horizontal
conductivity in the presence of a water table. Slug tests,
such as described in reference [41] can be used to cal cul ate
K, fromthe Thiem equation after observing the rate of rise
water in a well followng an instantaneous renoval of a
volune of water to create a hydraulic gradient. Punpi ng
tests, which are already famliar to many engi neers, would
certainly provide a neaningful estimate. A conprehensi ve
di scussion of punping tests, as well as other ground water
problenms is presented in reference [42] ; exanple problens
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and tables of the mathematical functions needed to eval uate
conductivity from drawdown neasurenents are al so presented.

There are sone limtations to full-scale punping tests. The

first is the expense involved in drilling and installation.
Thus, if a well is not already |ocated on the site, the
punpi ng test technique woul d probably not be considered. |If

an existing production well fulfills the conditions needed
for the technique to be valid, it should probably be used to
obtain an estimate. However, this estimate may still require
nodi fication through the wuse of supplenentary “point”
determ nations, especially if the site is very large or if
the soils are quite heterogeneous.

Measur ement of horizontal conductivity may occasionally be
necessary in the absence of a water table. A typical case
m ght involve the presence of a caliche |ayer or other

hardpan formation near the surface. If the layer was
restrictive enough to vertical flow, a perched water table
woul d result upon application of wastewater. |In such cases,

t he nmound hei ght anal ysis described in Section 5.7.2 should
be used to determ ne whether perching would be a problem
Al t hough noundi ng cal culations are presented in Chapter 5
(dealing with RI), it is quite possible that noundi ng may

occur beneath SR systens as well. The user of this nmanua
shoul d be aware of this possibility. The analysis requires
an estimate of the horizontal conductivity. Either a

nodi fi ed version of the doubl e-tube techni que described in
Section 3.5.1 [31] or the shallow well punp-in test [1, 9,
30] can be used to estinmate K. The latter of these two
testing nethods is, in principle, the reverse of the auger-
hol e test.

3.6.2.2 Per col at e/ G ound Water M xi ng

An analysis of the mxing of percolate with native ground
water is needed for SR or R systens that discharge to ground
water if the quality of this mxture as it flows away from
the site boundaries is to be determ ned. The concentration
of any constituent in this mxture can be calculated as
fol |l ows:

Chiy = Cpr + ngng (3-8)
mlx o) )
p gw
where G,, = concentration of constituent in mxture
G, = concentration of constituent in percolate
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Q = flow of percolate

Cow
o

The fl ow of ground water can be cal cul ated from Darcy*s Law
(Equation 3-1) if the gradient and horizontal hydraulic
conductivity are known. This is not the entire ground water
flow, but only the flow wthin the mxing depth.
Rel ati onships of the percolate flow and concentrations of
constituents are discussed in Chapters 4 and 5. Equation 3-8
is valid if there is conplete m xing between the percol ate
and the native ground water. This is usually not the case.
M xing in the vertical direction my be substantially |ess
than m xing in the horizontal direction.

concentration of constituent in ground water

fl ow of ground water

An alternative approach to estimating the initial dilution is
to relate the dianeter of the nound developed by the
percolate to the dianmeter of the application area. Thi s
rati o has been estimated to be 2.5 to 3.0 [43, 44]. This
ratio indicates the relative spread of the percolate and can
be used to relate the mxing of percolate wth ground water.
Thus, an upper limt of 3 for the dilution ratio can be used
when ground water flowis substantially (5 to 10 tinmes) nore
than the percolate flow |If the ground water flow is |ess
than 3 tinmes the percolate flow, the actual ground water flow
shoul d be used in Equation 3-8.

3.6.3 Ground Water Quality

It is reconmended that where a water table is known to exi st
that coul d possibly be inpacted by the project, that baseline
ground water quality data be coll ected. The details of
nunber, |ocation, depth, etc. of sanpling wells are best
left until after a prelimnary hydrogeol ogic study of the
site has been conpl eted. Then follow ng reasonably well
establ i shed guidelines [23, 45, 46, 47], sanpling wells may
be designed in sonething approachi ng an opti mum manner.

The paranmeters that shoul d be neasured in sanples taken from
the ground water are those specified under the “Nationa
Interim Primary Drinking Water Regulations” [48]. An
exception is made for nondrinking water aquifers or where
nore stringent state regul ations apply.

3.7 Soil Chem cal Properties
The chem cal conposition of the soil is the major factor

affecting plant growth and a significant determ ning factor
in the capacity of the soil to renovate wastewater. There
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are 16 el enments known to be essential for crop growh. Three
of these--nitrogen, phosphorus, and potassium-are deficient
in many soils. Secondary and m cronutrient deficiencies are
found less often with sulfur, zinc, and boron being the nost
common. Soil pH and salinity can I[imt crop growh and
sodi um can reduce soil perneability. Chem cal properties
shoul d be determ ned prior to design to evaluate the capacity
of the soil to support plant growh and to renovate
wast ewater. Soils should be nonitored during operation to
avoi d detrinmental changes in soil chem stry.

3.7.1 Interpretation of Soil Chem cal Tests

Several chem cal properties, having nothing directly to do
with nutrient status, are nonetheless inportant. Soil pH has
a significant influence on the solubility of wvarious
conpounds, the activities of various m croorgani snms, and the
bondi ng of ions to exchange sites. Rel ative to this | ast
phenonenon, soil clays and organic matter (known collectively
as the soil colloids), are negatively charged. Thus, they
are able to adsorb cations fromthe soil solution. Cations
adsorbed in this way are call ed exchangeabl e cations. They
can be replaced by other cations from the soil solution
wi t hout appreciably altering the structure of the soi
col | oi ds. The quantity of exchangeable cations that a
particular soil can adsorb is known as cation exchange
capacity (CEC) and is neasured in terns of mlliequivalents
per 100 grans (neq/100 g) of soil. The percentage of the CEC
that is occupied by a particular cation is called the percent
saturation for that cation. The sum of the exchangeabl e Na,
K, Ca and My expressed as a percentage of the CECis called
percent base saturation

There are optinmum ranges for percent base saturation for
various crop and soil type conbinations. Also, for a given
percent base saturation, it is desirable that Ca and My be
the dom nant cations rather than K and (especially) Na. H gh
percentages of the alkali netals, in particular Na, wll

create severe problens in many fine-texture soils. The
exchangeabl e sodi um percentage (ESP) shoul d be kept bel ow 15%
(Section 4.9.1.4). It is inportant to realize that
regardl ess of the cation distribution in a natural soil, it

can be altered readily as a result of agricultural practices.
Both the quality of the irrigation water and the use of soi
amendnments, such as |I|ime or gypsum can change the
di stribution of exchangeabl e cati ons.
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Anot her chem cal property affecting plant growth is salinity,
the concentration of soluble ionic substances. It is
salinity in the soil solution in the root zone that is of
primary interest. Unfortunately, there is no sinple relation
between this quantity and the salinity of the irrigation
water, the salt balance being conplicated by nvisture
transfers through evapotranspiration and deep percol ation.
The di agnostic tool usually enployed is a check on the el ec-
trical conductivity (EC) of the irrigation water and the soi
sol uti on. Guidelines exist for various types of crops
according to their salt tolerance. Procedures for conputing
t he deep percol ation (Il eaching requirenent) needed to control
root zone salinity are given in references [9, 29].

Because of the variable nature of the soil, few standard
procedures for chem cal analysis of soil have been devel oped.
Several references that describe analytical nethods are
avai l able [49, 50, 51]. A conplete discussion of analytical
met hods and interpretation of results for the purpose of
evaluating the soil nutrient status is presented in reference
[521. The significance of the major chem cal properties is
summari zed in Tabl e 3-6.

3.7.2 Phosphorus Adsorption Test

Adsorption isotherns for phosphorus can be developed to
predict the renoval of phosphorus by the soil. Sanples of
soil are taken into the |aboratory and are added to sol utions
cont ai ni ng known concentrations of phosphor us.
Concentrations normally range from1l to 30 ng/L. After the
soil is mxed into the solutions and allowed to conme into
equi libriumfor a period of tinme (up to several days), the
solution is filtered and the filtrate is tested for
phosphor us. The difference between the initial and fina
sol ution concentrations is the anpbunt adsorbed for a given
tinme. Details of the test are available in reference [53].

A procedure for using adsorption isothermdata to estimte
phosphorus retention by soils is suggested in reference [47].
An inportant consideration discussed is the possibility of
sl ow reacti ons between phosphorus and cations present in the
soil which may “free up” previously used adsorption sites for
addi tional phosphorus retention. Cal cul ations involving
adsorption isotherm data, which ignore these reactions,
greatly underesti mate phosphorus retention.

3-38



3.8

TABLE 3-6

| NTERPRETATI ON OF SO L CHEM CAL TESTS

Test result

Interpretation

pH of saturated soil paste

<4.,2
5.2-5.5
5.5-8.4
>8.4

CEC, meg/l00 g

1-10

12-20

>20
Exchangeable cations,
% of CEC

Sodium

Calcium

Potassium

ESP, % of CEC
<5
>10
>20
EC, mmhos/cm at 25°
of saturation extract
<2
2-4
4-8
8-16
>16

Too acid for most crops to do well
Suitable for acid-tolerant crops
Suitable for most crops

Too alkaline for most crops, indicates a
possible sodium problem

Sandy soils (limited adsorption)
Silt loam (moderate adsorption)

Clay and organic soils (high adsorption)

Desirable range
<

-5

60-70

5-10

Satisfactory
Reduced permeability in fine-textured soils

Reduced permeability in coarse-textured soils

No salinity problems

Restricts growth of very salt-sensitive crops
Restricts growth of many crops

Restricts growth of all but salt-tolerant crops

Only a few very salt-tolerant crops make
satisfactory yields
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